Abstract: Economic globalization promotes the economic development of underdeveloped regions but also influences the ecological environments of these regions, such as natural forest degradation. For inland developing regions with underdeveloped traffic routes, are the effects on the ecological environment also as obvious? To reveal the response characteristics of the ecological environment of the inland developing countries to globalization, we took Laos as an example, and used the land use/cover change data and also its exports and imports data to analyze the ecological environment change since the millennium. Land use transfer matrix analysis showed that Laos had encountered a large conversion of 14.43% natural forest to plantation forest since 2000 to 2017, and also a degradation of 5.94% natural forest to shrubland and grassland. Landscape pattern analysis showed that these changes were the main reasons of the fragmentation of ecological patches, which would lead to a reduction in biodiversity. More, topographic analysis further showed that natural forest degradation mainly took place in high-altitude and large slope areas, which could increase the potential of natural hazards such as floods. Coupling analysis with its exports and imports data indicated that economic globalization still had a significant impact on the country's ecological environment although Laos is an inland developing country. Laos should strengthen the regulation of renewable resources such as forests and water resources, to avoid losing the renewable resources market while still enjoying the dividends of economic globalization. At the same time, it is necessary to accurately evaluate the indirect impacts of development on neighboring countries to ensure sustainable development.
Introduction
Land use/cover change (LUCC) is a common tool to represent the interaction between human activities and the natural environment [1] [2] [3] . LUCC is a critical factor in landscape patterns and ecosystem services [4] [5] [6] [7] [8] . The growth of the world economy has traditionally relied on the consumption of non-renewable resources. Take forest resources as an example. Economic development can promote deforestation, affecting the value and benefits of ecosystem services [9] , and this loss of ecological function can pose other challenges to the environment. It is true that economic globalization has promoted the effective allocation of global resources and improved the utilization of environmental resources through international trade. However, the environmental protection standards of developing countries are often more relaxed than those of developed countries, attracting the transfer of low-value and high-pollution enterprises into developing countries. Frequent international trade has also increased the probability of cross-border pollution incidents [10, 11] . Economic globalization has become a powerful factor that fundamentally changes global land use/cover landscape patterns, increasing the complexity of land use/cover landscape patterns and dynamic evolution, which in turn, has a profound impact on the structure, function, and evolution of ecosystems [12] [13] [14] . Problems, such as surface runoff and soil erosion [15, 16] , variations in soil properties [17, 18] , water pollution [19] , and biodiversity loss [20] are generated. Given the rapid rate of change and the potential impacts, it is meaningful to determine the response of the ecological environment of developing countries in the context of economic globalization. This can help governments alleviate conflicts between economic development and protection of the ecological environment, allowing for the attainment of sustainable development goals [21, 22] .
Many studies have used LUCC to study changes in the ecological environment in the context of globalization. Lambin et al. [23] studied how to protect forest systems and improve food production during economic globalization, drawing on examples from several developing countries. It was suggested that policies designed to coordinate development with nature conservation need to make land change a part of the earth system. Rutten et al. [24] used Vietnam as an example of an export-oriented country, and compared different land use/cover results in different regions after having taken the global and local trade links into account. They discovered the environmental problems caused mainly by globalization, including economic policies that stimulate growth and urbanization that may work at the expense of forest lands, and lead to greater greenhouse gas emissions from the landscape. Yamamoto et al. [25] used Indonesia as an example, and found that the reduction of forest land will cause a decline in agricultural production. They surmised that the loss of forested land will completely offset the gains from the expansion of cultivated land, and ultimately result in a decline in overall income. In contrast, Paudyal et al. [26] explored the impact of land use change on ecosystem supply and social benefits over the past 40 years in the Phewa watershed in western Nepal, and discovered that the degradation of agriculture and grasslands has led to a restoration of the dense forest ecosystem. Meyfroidt et al. [27] pointed out that linking land use/cover to globalization processes can help us better understand land change, trade, policies, and other potential drivers. Destek et al. [28] investigated the impact of different levels of globalization (i.e., economic, social, and political globalization) on carbon emissions in central and eastern European countries between 1995 and 2015, and concluded that economic globalization has increased carbon emissions. However, all of the above studies on the impact of globalization on the ecological environment are mostly focused on developed countries [28] or developing countries with developed marine traffic [24] ; few inland developing countries with underdeveloped transportation have been studied. We might intuit that inland countries with underdeveloped traffic are hardly affected by globalization, but is this actually the case? If they are affected, what are the main impacts of the ecological environment? What is the extent of these effects, and how could we control them? The answers to these questions are of high value for determining whether inland developing countries should actively respond to the ecological environmental problems brought about by globalization, and how best to do so.
Laos is located in the Mekong River Basin, has a high forest cover, and is rich in mineral [29] and water resources [30] . Although Laos borders many coastal countries, it is the only inland country in southeast Asia, and one of the poorest countries in the Association of Southeast Asian Nations (ASEAN). At a meeting of the General Council of the World Trade Organization held in Geneva, Switzerland on 26 October 2012, Laos was officially approved to join the World Trade Organization (WTO), becoming the 158th member country, and the last remaining member of ASEAN to join the WTO [31] . Joining the WTO has brought economic development opportunities for Laos, enabling Laos to fully enjoy the preferential foreign trade tariff policies between members of the WTO, which greatly promotes the development of Laos' foreign trade. According to the World Bank Data, Laos has maintained a GDP growth rate of more than 6% since 2003 [32] . The consumption of ecological resources required for such rapid economic growth will inevitably lead to impacts on the ecological environment, especially the LUCC of forest, cropland, and water.
Kokmila et al. [33] used Geographic Information System (GIS) technology to analyze the status of forest resources and soil erosion in Laos, and proposed some countermeasures to maintain soil and water and prevent forest shrinkage. Hewanma et al. [34] used the Lorenz curve and the Gini coefficient to characterize and quantify the change of forest cover in Laos based on status data in 1982/1992 and 2002. That study found that the forest cover in Laos showed a downward trend, and its main driving force was poverty and farming activities such as land clearing. Fujisaka [35] investigated the current environmental problems associated with rice cultivation in Laos, and pointed out that the forest ecosystems in Laos were degraded by logging, burning, and rice monoculture. They concluded that the potential for restoring the environment through natural succession was negligible. Sandewall et al. [36] explored how the Laotian government worked with local residents to achieve sustainable uses of forest land, and pointed out that changes in land use/cover patterns were related to forest land allocation, infrastructure construction, and new economic policies implemented in the region. However, the existing research on ecological and environmental issues mainly focused on a single aspect, such as forests or cropland, and lack an analysis of the driving force of globalization. Determining the impact of globalization on Laos's ecological environment is of great value to the government for creating policies that maintain an ecologically-sustainable version of economic development in the context of globalization.
Here, we used Laos as a model system to explore the effects of changing ecological environment patterns in an inland developing country in the context of economic globalization via a coupled analysis of land use/cover change data and global data. Our main work and innovations are: (1) using remote sensing time series land use/cover data and transfer matrix to detect trends in LUCC. This work can locate the major change land cover types, and provide directions for the follow-up analysis of ecological environmental impact; (2) analysis of changes in ecological environment quality using principles of landscape ecology. Here we use landscape index to quantitatively analyze LUCC to further analyze the potential impacts of LUCC on ecological environment, such as biodiversity; (3) analysis of potential ecological environmental risks in LUCC areas using GIS topographic overlays. By using slope and elevation to analyze the distribution of land cover change, we can further analyze the LUCC impacts on ecological problems such as the soil and water conservation; and (4) a combination of import and export data to analyze the contribution of globalization to the ecological changes observed in Laos. This analysis is a critical step to reveal the relationship between economic globalization and the ecological environment, and then provide beneficial references for ecological environment management. The results of the research presented in this paper can provide guidelines for the optimal allocation of land resources for the sustainable development of Laos in the context of globalization. In addition, this study can provide a reference for multilateral cooperation within the ASEAN Free Trade Area, for countries along the Belt and Road Initiative, and other inland developing countries needing to understand and respond to the ecological problems brought about by globalization.
The structure of this paper is organized as follows. Section 1 mainly describes the impact of economic globalization on ecological environment through LUCC, and the targets of this study. Section 2 introduces the study area and data sources study. Section 3 details the methods used in this study, including land use transfer matrix, landscape index and topographic analysis. Section 4 describes the results of by the methods. Section 5 combines economic data to conduct a coupling analysis of land use change results. Conclusions are drawn in last Section 6.
Study Area and Data Source

Study Area
Laos, which is an inland country located in the northern part of the Indo-Chinese peninsula (between 100 • 05 -107 • 38 E and 13 • 54 -22 • 30 N), has an area of 236,800 km 2 . Laos is bordered by the western Yunnan Plateau (Yunnan, China) to the north, by Vietnam to the east, by Thailand to the west, by Myanmar to the northwest, and by Cambodia to the south (Figure 1 ). Laos is connected by the Mekong River, Asia's most important transnational water system. It is the only inland country in southeast Asia and has an important impact on the biodiversity, biogeochemical cycles, and ecosystem productivity on the Mekong River Basin. The country is divided into three parts ( Figure 1 ): northern Laos, central Laos, and southern Laos. Laos is high in the north and low in the south, with an altitude of 500 m-2800 m. Laos has a tropical and subtropical monsoon climate, with a dry season (November-April) and a rainy season (May-October). During the rainy season, the average temperature is 24.2 • C, the average annual rainfall is about 1700 mm, and the rainfall on the plateau and mountains is about 1300 mm. During the dry season, the average temperature is 27.3 • C and there is almost no rainfall due to the dry, cool northeast wind. The industrial foundation of Laos is weak. Wood processing, rice milling, and tin mining are the main types of industry. The main crops of Laos include rice, coffee, tobacco, and cotton. 
Data Source
With the development of remote sensing, GIS, and other technologies, global and regional land cover products based on remote sensing images have been successfully released. Currently, there are more than 20 sets of land cover products [37] . Widely used are the IGBP DISCOVER land cover data produced by the US Geological Survey [38] , GLC2000 Land Cover Data produced by the Joint Research Centre of the European Union [39] , MODIS Land Cover Data produced by Boston University [40] , GLOBCOVER land cover data produced by the European Space Agency [41, 42] , Globe Land30 Land Cover Data produced by China National Basic Geographic Information Center [43] , FROM-GLC land cover data produced by Tsinghua University [44] , and SERVIR MEKONG regional land cover data jointly produced by teams such as USAID, NASA, and ADPC (https://rlcms-servir.adpc.net/en/landcover/). Since the existing land cover products have different classification systems, classification methods, production processes, spatial resolutions, etc. [45] [46] [47] , they will produce very different products when applied to regional scale or global scale research [48] .
Considering that the SERVIR MEKONG data is specifically for the Mekong River Basin including Laos, it had several advantages for this research, mainly including: (1) the data is classified using the Landsat TM/ETM+ data source with a spatial resolution of up to 30 m; (2) it includes data from 1987 to 2017 with an annual cycle; (3) it distinguishes human activity land use from nature land use systems, such as the plantations, mining areas, and aquaculture; and (4) data producers are familiar with the Laos region, such as the Asian Disaster Preparedness Center (ADPC) and the International Centre for Integrated Mountain Development (ICIMOD), which are critical to the accuracy assurance of the data products. Since the purpose of this study was to explore the land use changes with the background of globalization, we selected four data periods from 2000 to 2017 in 5-year cycles for analysis and merged some land use/cover types with similar ecological and environmental impacts. The final 11 types of land use/cover types are: Water, Natural Forest (Deciduous Forest, Evergreen Broadleaf, Mixed Forest), Plantation Forest, Built Up, Cropland, Mining, Barren, Wetlands, Grassland, Shrubland, and Aquaculture (Table 1) . To further analyze the potential environmental problems caused by LUCC, we collected the elevation data for the Laos region from the Geospatial Data Cloud (http://www.gscloud.cn/) with a spatial resolution of 90 m. Slope information was further generated in ArcGIS 10.2. In order to explore this change in land use and drive the analysis of the effect of economic globalization, we also collected agricultural and industrial data from the World Bank's public data website(https: //data.worldbank.org.cn/) and the import and export website (https://resourcetrade.earth/data?year= 2017&exporter=418&category=5&units=value).
Methods
We used three methods to analyze the temporal and spatial characteristics of LUCC in Laos, which are a land use transfer matrix [49] , a landscape pattern index, and a topographic overlap analysis. The land use transfer matrix identified the intensity and direction of the conversion between various land uses, so that the quantity and structural characteristics of the LUCC during the study period could be analyzed. We used the remote sensing analysis software ENVI 5.3 to implement the LUCC transfer matrix calculation for the study area.
Pattern determines function, and function counteracts pattern [50] . We used landscape pattern analysis as an indication of the quality of the ecological environment, especially the species diversity.
We used the landscape pattern index to quantitatively assess the changes of LUCC in Fragstats 4.3, and then quantitatively analyzed the ecological environment. According to the landscape index indication of the ecological environment and also the correlation between them, we selected the following four indexes:
(1) Number of patches (NP).
Number of patches (NP) was equal to the total number of patches of a patch type in the landscape at the type level, equal to the total number of all patches in the landscape at the landscape level. NP reflects the spatial pattern of the landscape and has often been used to describe the heterogeneity of the landscape. The value of the NP was also positively correlated with the fragmentation of the landscape. The general rule was that if the NP was large, the fragmentation was high. NP affects many ecological processes, such as determining the spatial distribution characteristics of various species in the landscape and changing the stability of interactions between species and synergistic symbiosis. Moreover, NP has an important influence on the spread of various disturbances in the landscape. For example, when the number of some types of patches (such as bare land) is relatively large and scattered, it may inhibit the spread of certain disturbances (such as insects and fires). The formula was as follows:
where NP is the number of patches for landscape i and N i is the number of patches for landscape i.
Value range: NP ≥ 1.
(2) Mean patch size (MPS).
In general, the species diversity of a patch increases as the area of the patch increases. The average patch area represents an average condition and reflects two aspects in the analysis of landscape structure. The mean patch size (MPS) value distribution interval had a restrictive effect on the range of images or maps, which impacted the selection of the smallest patch size in the landscape. MPS indicated the degree of fragmentation of the landscape. At the landscape level, a landscape with a smaller MPS was more broken up than a landscape with a larger MPS. And at the patch level, a patch type with a smaller MPS value was more fragmented than a patch type with a larger MPS value. Our study found that changes in MPS values could impart more abundant landscape ecological information, which is the key to reflecting landscape heterogeneity. The formula was as follows:
where A represents the total area of all patches in the landscape (square meters), where N is the total number of patches, multiplied by 10 −6 to convert to units of square kilometers. Value range: MPS > 0, no upper limit.
(3) Landscape shape index (LSI).
Landscape shape index (LSI) measured the complexity by calculating the degree of deviation between the shape and the circle or square of the same area. Compact patches (usually had a small LSI) had a small proportion of edges per unit area, which was good for saving energy, nutrients, and living things; the loose shape facilitated the interaction between the interior of the patch and the external environment, especially the exchange of energy, matter and biology. The formula was as follows:
where E is the total length (in meters) of all patch boundaries in the landscape, A is the total area of the landscape (square meters), and 0.25 is the square correction constant. In the raster data, E is the total number of pixels at the boundary of a certain type of map, and A is the total number of pixels of a certain type. When there is only one square patch in the landscape, LSI = 1; when the shape of the patch in the landscape is irregular or deviates from the square, the LSI value increases. Value range: LSI ≥ 1, no upper limit.
(4) Contagion index (CONT).
The aggregation index reflected the degree of non-randomness or aggregation of different patch types in the landscape. If a landscape was dominated by a few large patches or the same type of patch was highly connected, the value of the degree of aggregation was greater. The aggregation index explicitly considers the adjacent relationship between patch types and thus reflects the spatial configuration characteristics of the landscape components:
where m is the total number of patch types, and P ij is the probability of two adjacent raster cell data types i and j randomly selected. The aggregation index usually measures the degree of aggregation of the same type of patch, but its value was also affected by the total number of types and their uniformity.
Value range: 0 < CONT < 100. The Laos region has an altitude of hundreds of meters to several kilometers. The height difference is large and the terrain is undulating. It forms a rich variety of landforms such as plains, hills, mountains, and basins. The climate difference is significant in the vertical direction. To carry out topographical overlay analysis with the land use types in the local changing areas, this paper refers to Peng's [51] elevation grading standards for the Savannakhet area in Laos, and connected these with the actual terrain of Laos, and divided the Lao region into five levels ( Table 2) . Table 2 . Division of elevation and slope data. Elevation <500 m 500-1000 m 1000-1500 m 1500-2000 m >2000 m Slope
The slope has an important influence on the ecological environment parameters, such as temperature, evaporation, precipitation, and surface runoff. A very typical example was soil erosion caused by sloping farmland. In this study, we refer to Kokmila et al. [33] , and first used the DEM to generate slope data, then divided the changing area into five grades according to the slope size (Table 2) , and finally analyzed the potential ecological environmental problems.
Results
Analysis of Land Use/Cover Change
The spatial distribution maps of land use classification in Laos from 2000 to 2017 are shown in Figure 2 . The corresponding statistical data of various types are presented in Table 3 . The results of the land use transfer matrix in 2000-2017 are presented in Table 4 . It can be seen from Table 3 that in 2000, the total area of natural forests in Laos was 114,087.51 km 2 , which was the largest land cover area, accounting for 71.40% of the total landscape. However, this area decreased at an average annual rate of 1.24%. As of 2017, the natural forest area was only 129,366.03 km 2 Table 4 , we can determine that the 34,721.28 km 2 of reduced natural forest was mainly converted into plantation forest, grassland, cropland, shrubland, and water, of which plantation forest was the main transition type, accounting for 63.44% of the total reduction area. In 2000, plantation forests were the second largest land area in Laos, reaching 15.19%, and grew at an average annual rate of 3.70%, accounting for 24.76% of the total land area in 2017. Combined with Table 4 , we determined that natural forests were the major source of new increased plantation forests (accounting for 91.47% of the total increased area); other sources are cropland, grassland, and shrubland, of which the greatest area converted was from cropland with 1517.06 km 2 , accounting for the 6.30% of total increased area.
If plantations and natural forests were regarded as one forest type from the prospective of land cover, then according to Table 3 , the total area of forest land (including plantation and natural forests) was 199,003.70 km 2 , accounting for 86.59% of the total area of Laos. Although the area decreased by 2017, the reduction rate in the total area of Laos was much less than that of natural forests. Over the 17 years, the area of forested land in Laos was indeed decreased, especially in the case of a large loss of natural forests (34,721.28 km 2 ), while the increases have been very limited (only 191.58 km 2 ). Combined with the forest land conversion map (Figure 3a) , we determined that the area where natural forests are converted into plantations (yellow areas) were mainly concentrated in the northern and southern areas of Laos. The conversion of natural and plantation forests to other land types (red areas) were mainly concentrated in the Oudomxai, Louangphabang, Xiangkhoang, Houaphan, and Apptapu provinces. Cropland was the second-largest land use type in Laos after forested land. In 2000, the area was 21,117.27 km 2 , accounting for 9.19% of the entire area of Laos. Subsequently, cropland area increased first and then decreased, but in 2017 compared with 2000, cropland increased by 2309.14 km 2 . According to the transfer matrix in Table 4 , cropland was mainly converted to plantation forest (1517.06 km 2 ), then shrubland (327.43 km 2 ), built up (158.60 km 2 ) and grassland (113.17 km 2 ). The main sources of increased cropland are mainly natural forests (2517.20 km 2 ) and plantation forests (1165.28 km 2 ), followed by grasslands (266.60 km 2 ), shrublands (127.98 km 2 ), and wetlands (95.46 km 2 ). From 2000 to 2017, there was strong mutual conversion between natural forests and cropland. According to the map of cropland conversion in Figure 3b , the areas where the cropland was converted into plantations (green areas) were mainly concentrated in the provinces of Louang Namtha, Louangphabang, and Vientiane. The area where the plantation forest was converted to cropland (yellow area) was mainly concentrated in the Vientiane, Bolikhamxai, and Khammouan provinces. The areas of natural forest conversion to cropland (red areas) were mainly concentrated in the provinces of Xaignabouli and Savannakhet.
Shrubland and grassland were the fastest growing areas in Laos from 2000 to 2017, increasing from 1086.80 km 2 to 3563.05 km 2 , and 4875.23 km 2 to 12,147.91 km 2 , respectively. According to the transfer matrix in Table 4 , the increase of shrubland mainly comes from natural forests (2142.62 km 2 ), followed by cropland (327.43 km 2 ) and grassland (199.27 km 2 ). The increase of grassland is mainly from natural forests (7607.30 km 2 ), followed by cropland (113.17 km 2 ) and shrubland (178.09 km 2 ). Combined with the shrubland and grassland conversion map in Figure 3c , we found that the area where natural forests turn into shrubland (dark red and light red) was mainly in the northern part of Laos. The conversion of cropland to shrubland and grassland (green area) was mainly in the provinces of Champasak and Attapu, and the conversion of grassland and shrubland to cropland (yellow area) was mainly in Xiangkhoang province.
Water is a rich natural resource in Laos. In 2000, the water area of Laos was 2903.06 km 2 . Although the water area decreased slightly in 2005, the water area increased to some extent in 2010 and 2017, and ultimately reached 3434.70 km 2 . According to the land use transfer matrix in Table 4 , the increased waters mainly come from natural forests (451.65 km 2 ) and plantation forest (224.72 km 2 ), and also a small amount from cropland (35.53 km 2 ) and wetlands (31.60 km 2 ). At the same time, the reduced waters are not much, and are mainly converted into wetlands (61.08 km 2 ), cropland (57.72 km 2 ), built up (28.29 km 2 ) and aquaculture (27.13 km 2 ). According to the water area conversion map in Figure 3d , the areas where natural forests turn into water (dark red areas) were mainly in Louangphabang and Khammouan provinces, and the plantation forest converted to water (light red areas) was mainly in Vientiane, Bolikhamxai, and Attapu provinces. Table 4 , the reduced wetland was mainly converted into cropland (95.46 km 2 ), plantation forest (43.87 km 2 ), and water (31.60km 2 ). At the same time, the increase of wetlands mainly comes from water (61.08 km 2 ), and a small part comes from the natural forest (23.52 km 2 ), plantation forest (16.31 km 2 ), and cropland (15.28 km 2 ).
Built up area is also a relatively fast-growing land use type in Laos. From 2000 to 2017, the built up land area increased from 286.57 km 2 to 652.53 km 2 , an increase of 127.70%. According to the transfer matrix in Table 4 , the increased built-up land was mainly from cropland (158.60 km 2 ), followed by natural forest (88.96 km 2 ), plantation forest (56.86 km 2 ), and water (28.29 km 2 ).
Mines are another rich natural resource in Laos, but it is worth noting that the area of industrial and mining changed slightly from 2000 to 2017, but remains between 12 km 2 and 12.5 km 2 . In addition, although the barren land and aquaculture areas of Laos accounted for a relatively small proportion of the total land area, the increases in both were relatively rapid, increasing from 21.76 km 2 to 58.92 km 2 and 7.85 km 2 to 86.62 km 2 , respectively. The increase of barren land mainly came from natural forests (14.92 km 2 ) and croplands (11.80 km 2 ). The increase of aquaculture mainly came from natural forests (28.88 km 2 ), water (27.13 km 2 ), and plantation forests (15.55 km 2 ).
The above analyses show that the provinces of Vientiane, Xiangkhoang, Khammouan, and Attapu are areas where land use/cover change was frequent. In general, plantation forest, cropland, built up, barren land, and aquaculture (which are significantly related to the intensity of human activities) have increased significantly. Although the area of shrubland and grassland that contributes to vegetation cover in the natural state is also increasing, it should be noted that the source of the increased area of these two land types was mainly natural forests, which leads to a large-scale reduction of natural forests, which have higher biomass and richer biodiversity. Our results show that the intensity of human activities in Laos was significantly enhanced, and the environment conducive to biodiversity is decreasing.
Analysis of Landscape Pattern Change
To avoid the influence of the "salt and pepper" phenomenon of remote sensing LUCC on the landscape index, especially the index involving the number of patches, we first merged the patches fewer than two pixels with the neighboring patch that had the largest common side length, and then calculated the landscape index mentioned in Section 3. The results are shown in Figures 4 and 5 . From the landscape level analyses shown in Figure 4 , the NP index is gradually increasing, and the MPS index is gradually decreasing over time. Both of these trends indicate that overall human activities in Laos increased strongly, and increased the fragmentation of the landscape. According to the class level landscape index in Figure 5 , natural forest, grassland, shrubland, and cropland are the major contribution to the landscape fragmentation. These land types were also the main components of LUCC in terms of area and are also the land types with relatively large change areas. For the MPS index, the decline was more obvious for natural forests. According to the principles of landscape ecology, the fragmentation and average area reduction of patches usually mean that the biodiversity of these larger patches was greatly reduced, especially for habitat-sensitive species. Combined with the land use transfer analysis in Table 4 , the main reason for this situation was the conversion of natural forest to plantation forest, cropland, shrubland, and grassland.
The LSI indicator was the edge ratio per unit area, essentially. Usually, compact patches have a small proportion of margins per unit area, which helps to preserve energy, nutrients, and organisms. In contrast, loose shape depressions promote interactions between patches and the surrounding environment, especially the exchange of energy, matter, and biology. However, Figure 4 shows that the LSI index of land use at the landscape level in Laos is rising. From the change of the type level index in Figure 5 , the increase was mainly natural forests, shrubs, and grasslands. This landscape pattern can easily lead to energy, nutrients, and biological conservation capacity of forest land, shrubland, and grassland. Further analysis of the land use transfer analysis in Section 4.1 shows that natural forests in this situation were mainly converted to shrublands and grasslands.
A higher CONT value indicated that a dominant patch type in the landscape forms a good connection; in contrast, lower CONT values indicate that the landscape is a dense pattern with multiple classes, and the degree of fragmentation of the landscape is higher. According to the results of Figure 4 , we found that the CONT index of Laos has been declining from 2000 to 2017. According to the fact that natural forests dominated the land cover in Section 4.1, the connectivity of natural forests declined.
Based on the analysis of the four landscape indices above, the land use patterns in Laos were basically increasing towards heterogeneity and increasing the degree of patch fragmentation both at the land class and landscape levels. According to the principles of landscape ecology, these trends are not conducive to the biodiversity environment and the storage capacity of energy, nutrients, and organisms in the ecological environment. Combined with the analysis of the land use transfer matrix, it is evident that the main cause of this trend was the degradation of natural forests, especially the conversion of forest land to grassland, shrubland, and cropland.
Topographic Analysis of Changed Area
According to the analysis in Sections 4.1 and 4.2, the changes in Laos were mainly concentrated in natural forests. Hence, we carried out elevation and slope grading statistics of natural forest conversion, including water, plantation forest, cropland, grassland, and shrubland (see Figure 6 ). According to Figure 6a , the area where natural forests are transformed into plantation forest is mainly concentrated between elevation levels 1 and 2, which means below 1000 m. Similar patterns occurred in the transformation of natural forest to water, cropland, and shrubland. However, there was a difference in the transformation of natural forest to grassland: it was mainly distributed in grades 2 and 3, especially grades 3 of 1000-1500 m. From the perspective of the slope grades distribution (Figure 6b) , there was a big difference. For natural forests transformed into plantation forests and grasslands, the changing areas were mainly distributed in the first three grades, that is, below 35 degrees, and the most was between 10-35 degrees. The transformation of natural forests to water bodies was fairly equally distributed between grades 1, 2, and 3, and the transformation of natural forests to shrublands was mainly distributed in grades 1 and 3. Since cropland was a land use type with stronger human activity than other covered land use types, we also counted the elevation and slope of the area changed to cropland (see Figure 7) , including water, plantation forest, wetland, grassland, shrubland. Figure 7a shows that these areas of variation are mainly concentrated below an elevation of 500 m. For grassland and shrubland, distribution between 1000-1500 m was higher. From the slope point of view (Figure 7b) , most of the water and wetlands converted to cropland were within 3 degrees of the slope. Although the plantation forests, grasslands, and shrublands converted to cropland were mainly distributed within 3 degrees, there are still many areas distributed between 3 and 35 degrees, especially for grassland and shrubland, as these areas are more than 3-10 degrees in the 10-35 area. The above results show that the low elevation area was still the hot spot for the changing areas. For example, the reduction of natural forests and cropland, but it should be noted that the reduction of natural forests had also begun to expand to high elevation areas. From the perspective of slope, the area converted to cropland was still concentrated in the low slope area below 10 degrees. However, most of the transform from natural forests were concentrated in the range of 10 to 35 degrees, especially the natural forests converted to plantation forests, grasslands, and shrublands.
Discussion
According to the analysis in Section 4, natural forests are the main land type in Laos and its change is also the core factor that influences the entire ecological environment of Laos. Using a transfer matrix analysis, we found that natural forests were greatly transformed into plantation forests, shrublands, and grasslands, which caused a continuous reduction of natural forest resources. Landscape pattern analysis showed that the degradation of natural forests not only led to the reduction of resources, but also led to the fragmentation of these ecological patches. The topographic analysis shows that the degradation of natural forests began spreading to high-altitude areas, and many of degradation areas are concentrated at the slightly higher slopes of 10-35 degrees. Combined with Laos's forest import and export data (Figure 8) , it can also be seen that the export value of forest land has increased significantly during this period, which is consistent with the decline of natural forests and the increase of plantation forests. This shows that the massive export of forest resources was a major driving force for forest degradation. Undeniably, forest land resources are a renewable dynamic resource. Under the conditions of favorable climate in Laos, grasslands will grow into the forest again through the process of shrub-forest land conversion, but it should be noted that this growth has a cycle. It usually takes 20 to 30 years or even longer to return to the natural forest with the original ecological function. However, the current rate of decline in natural forests was significantly higher than this rate of recovery, resulting in a direct decline in the proportion of natural forests to the overall land area from 71% in 2000 to 56% in 2017. In addition, the reduction of natural forests also brings about the fragmentation of ecological patches. Fragmentation poses a potential threat to the diversity of organisms, and even leads to a decline in the storage capacity of ecosystem energy, nutrients, and organisms [13, 25] . Of the area that is changing, we found that especially in the high slope areas of natural forests, shrublands and grasslands, there were increased risks to soil quality and even increased potential disaster risks, such as floods and landslides. According to the population data (Figure 9a) , the human population of Laos continues to increase. Compared with 2000, the total population of Laos increased by 27.31% in 2015, of which the urban population increased by 128.89% and the rural population decreased by 1.62%. Although cropland and built up lands are also increased during this period, the increase ratio is obviously inconsistent with the increase of population. From the perspective of food supply, if the import and export data are not considered, the increased population should require an equal increase in the proportion of the supply of agricultural products. According to the data in Section 4.1, compared with 2000, cropland in Laos increased by only 9.66% in 2017. From the data on the import and export of agricultural products (Figure 9b ), the export of agricultural products in Laos gradually increased after 2005; at the same time, the import of agricultural products in Laos also rose sharply. In 2013, imports were more than three times that of exports. This is significantly different from the advantages of conventional developing countries in increasing foreign trade by exporting their own agricultural products. Another possible reason is that the area of aquaculture in Laos is increasing. According to the analysis in Section 4.1, the aquaculture area increased from 7.85 km 2 in 2000 to 86.62 km 2 in 2017, which can greatly increase the supply of food [52] . The fact that the area of cropland increases but the rural population is decreasing, shows that Laos' food labor productivity has increased significantly in the context of economic globalization. The built up land area increased from 2000 to 2017 by 129.05%, which was more than four times the increase in the total population (27.31%). However, it is very close to the urban population increase ratio of 128.89%. This indicates that the urban population increase is a major driver of the increase in built up area. The change in industrial structures during this period (Figure 9c) shows that the proportion of industrial and service output has continued to increase from 2000 to 2015. This can be regarded as evidence that the added built up area was mainly used for industry and service. Laos is rich in water resources and is the country with the most abundant water resources in Southeast Asia. The Mekong River, the sixth largest river in the world, runs from north to south across the country. Laos's rich water resources benefit from its superior climatic conditions, namely tropical and subtropical monsoon climates, with a five-month rainy season that brings nearly 2000 mm of precipitation per year. At the same time, the terrain of a high-elevation north and a low-elevation south makes Laos rich in hydrodynamic energy [30] . Therefore, Laos has made hydropower generation a strategic implementation of the development of the economy; hydropower has also made a great contribution to the economic development of Laos (Figure 10) . Statistical analysis has shown that power generation in Laos has remained at a low level of stability until 2009, after which power generation rose sharply. It is noteworthy that before 2014, Laos' electricity generation was basically composed of hydropower. Although other forms of power generation have begun to appear after 2014, hydropower still occupies the highest rank position. Comparing Laos's electricity production and export data, we also found that only a small portion of the electricity produced by Laos is used for its own consumption, but rather most was used for export. Taking 2016 as an example, the total power generation was 29.74 billion kilowatt-hours, but 23.79 billion kilowatt-hours of electricity was used for export, accounting for up to 80% of the generated total. Behind the increase in hydropower was the construction of an increasing number of hydroelectric dams. These activities will inevitably lead to an increase in the water area. From the analysis results in Section 4.1, the water area of Laos increased from 2903.06 km 2 in 2000 to 3343.70 km 2 in 2017. The increase in the water area also brought about an increase in the wetland area. The wetland area in Laos increased from 512.16 km 2 in 2000 to 436.40 km 2 in 2017. From the perspective of ecosystem function, the increase in water and wetland areas is advantageous [53] . However, the premise of this increase is that Laos has established a dam to intercept water bodies, especially the water bodies in the Mekong River Basin. This interception will inevitably have an important impact on the ecosystems of the lower Mekong River located in neighboring countries. Potential impacts include saltwater intrusion into the mouth of the Mekong River in Vietnam and damage to irrigation, shipping, and fisheries in other downstream countries. These potential impacts may exacerbate economic and social growth, ecological security, and the lives of residents in downstream countries [54, 55] . Mines are also a rich resource in Laos [29] . Judging from the mineral exports of Laos (Figure 11) , there is an increasing trend in mineral exports, especially from 2005 to 2010. With the decline in the price of gold and copper on the international market, the mineral export volume of Laos declined in 2017. But its volume is still maintained above $800 M, making it 172.6 times higher than the value in 2000. However, according to the statistics of land use/coverage data used in this paper, the increase in the surface area of the mining area was very limited, from 12 km 2 in 2000 to 12.5 km 2 in 2017. On the one hand, the emergence of this situation may be that Laos has remained cautious in the development of mining areas, and has not carried out large-scale expansion; on the other hand, it may be that the data resolution used is still insufficient, and a large number of small mines in the mapping process neglected, resulting in fewer area statistics. 
Conclusions
We analyzed the land use/cover of Laos by transfer matrix, landscape pattern, and topographic analysis, and also coupled that with the economic statistics for the same period. We found that since the millennium, Laos's land use/cover has undergone dramatic changes driven by economic globalization. These changes are mainly reflected in the conversion of natural forest land to plantation forest, and the degradation of natural forest to shrubland and grassland. In addition, we found high fragmentation of natural forest patches and a change in the regional distribution of forests at high altitudes and large slopes, which was closely related to the large-scale export of wood products. At the same time, the types of land use closely related to human activities such as cropland, built up, aquaculture, and barren land were also growing substantially, which is related to the economic development of Laos and the increasing proportion of the secondary and tertiary industries. In addition, due to the development of hydropower resources, the area of water and wetlands also increased, and hydropower exports were a major driver. Although Laos is an inland developing country and its transportation facilities are not well developed, according to our land cover and related economic statistics, the ecological environment in Laos was still affected by economic globalization. However, due to regional characteristics, Laos presents a unique version of the development of globalization, such as increased hydropower resources.
If properly managed, the forest resources will remain a renewable resource that will become a substantial advantage for Laos in terms of economic globalization. Although the area of forest land in Laos has not decreased overall since 2000, the proportion of natural forests with high ecological value has decreased drastically, falling from 71.40% of the country's land area to 56.29%. Moreover, these reduced areas also lead to patch fragmentation, and to high altitude, large slope expansions, which bring greater potential risks to the biodiversity and for soil degradation. Accordingly, the government should make a reasonable restrictive protection policy to stop the further reduction of natural forest resources. Otherwise, the barren land that seems to occupy a small proportion in current time will be incrementally expanded, continuously encroaching on the resource-rich natural forest lands, and leading to a deterioration of the ecological environment.
In general, water area increases are beneficial, and enhance the function of the ecosystem while also contributing to the development of the aquaculture industry, concurrently reducing the pressure of food demand. The development of hydropower in Laos has increased the area of water and wetlands in the country. If only from the perspective of Laos, this development is not only sustainable, but also environmentally friendly. However, due to the inland nature of Laos and its borders with neighboring countries, the interception of water for electric power will inevitably affect the ecosystems in downstream countries that depend on these resources. But it still needs further study to verify whether the impact on the downstream countries is serious.
